Background
==========

Colorectal cancer (CRC) is the third most common cancer among men and women. It is estimated that approximately 1.2 million new cases of CRC are diagnosed, and about 608 000 deaths caused by CRC are reported annually \[[@b1-medscimonit-22-3409]\]. In spite of advances in the treatment of CRC, an advanced stage of CRC at the time of diagnosis is still associated with a very unfavorable prognosis \[[@b1-medscimonit-22-3409]--[@b5-medscimonit-22-3409]\]. Screening tests improve patient prognosis and predict long-term survival by detecting tumors at early stages, leading to decreased CRC-related mortalities \[[@b6-medscimonit-22-3409]\].

Currently, the most common screening modality for CRC is the fecal occult blood test (FOBT), which detects hemoglobin in stool enzymatically or immunologically \[[@b7-medscimonit-22-3409]\]. However, FOBT has inadequate sensitivity and specificity, which limit its application in the detection of early-stage cancer \[[@b8-medscimonit-22-3409],[@b9-medscimonit-22-3409]\]. Although colonoscopy or sigmoidoscopy have higher sensitivity, they are considered time-consuming, invasive, and cumbersome \[[@b10-medscimonit-22-3409]--[@b12-medscimonit-22-3409]\]. Therefore, non-invasive screening biomarkers are critical for the early detection of CRC.

Recently, researchers have become interested in methylated Septin9 (mSEPT9), a new tumor marker that encodes Septin-9, which is a member of the conserved Septin family of GTP-binding proteins that function in key processes, including vesicle trafficking, apoptosis, cytoskeletal remodeling, and cell division \[[@b13-medscimonit-22-3409]\]. MSEPT9 is released from tumor cells into the bloodstream, and can be detected in blood plasma \[[@b14-medscimonit-22-3409]\]. Much related research has been carried out on mSEPT9 in CRC screening. Some studies \[[@b14-medscimonit-22-3409]--[@b27-medscimonit-22-3409]\] have demonstrated that the ratio of mSEPT9 can be used for the early diagnosis of CRC. For CRC at early stages (I and II), 86.8% cases were identified by mSEPT9 \[[@b15-medscimonit-22-3409]\]. In some Western countries, mSEPT9 assay has been used for early-stage CRC screening, but the value of mSEPT9 assay has not been widely accepted in other countries, especially in Asia \[[@b26-medscimonit-22-3409]\], because conclusions are inconsistent or even conflicting. The Epi proColon test is a new blood-based CRC screening test designed to identify the mSEPT9 (Septin9) gene in cell-free DNA isolated from plasma \[[@b28-medscimonit-22-3409]\]. It is a qualitative real-time assay in which each sample is tested in triplicate during PCR analysis. A sample is considered to be positive for Septin9 if at least 1 of the 3 Septin9 PCRs are positive and a sample is considered to be negative for Septin9 if all 3 Septin9 PCR replicates are negative \[[@b16-medscimonit-22-3409]\]. In the present study we attempted to evaluate the value of mSEPT9 assay for the diagnosis of CRC using the results of published studies. We also compared the effect of mSEPT9 with that of FOBT for CRC screening. Then, we compared the Epi proColon test with the non-Epi proColon test for mSEPT9 detection by performing a meta-analysis.

Material and Methods
====================

Literature search
-----------------

Studies published in English were carefully searched in biological databases (PubMed, Embase, EBSCO, Web of Science, Science Direct, and Cochrane Library) up to September 2015. The search terms were as follows: (Colorectal cancer, Colorectal carcinoma, or CRC) AND (SEPT9 gene methylation, Methylated SEPT9 DNA, methylated Septin9 or mSEPT9).

Inclusion and exclusion criteria
--------------------------------

Studies eligible for inclusion met the following criteria: i) articles investigated the association between mSEPT9 DNA expression levels and CRC diagnosis using a clear test method; ii) articles measured the expression of mSEPT9 in plasma or serum; iii) articles were published as full-text paper in English; and iv) sensitivity and specificity of mSEPT9 were obtained from the text. Studies for exclusion met the following criteria: i) abstracts, letters, and reviews; ii) non-English-language papers; iii) articles reported mSEPT9 RNA or protein only; iv) laboratory studies; v) articles contained insufficient data for calculating sensitivity and specificity; vi) samples came from tissues or other body fluids; and vii) unknown detection methods.

Study selection
---------------

Two investigators reviewed the articles independently, including titles and abstracts, and then full texts were read to select potentially eligible studies. Selections were based on the inclusion and exclusion criteria and any disagreement was resolved by consensus.

Data extraction
---------------

Two independent reviewers extracted useful data from the selected studies. The following data were extracted: location, year of publication, authors, number of patients in experimental group and control group, test method, cut-off values, and raw data (the numbers of true positive, false positive, false negative, and true negative subjects).

Assessment of methodological quality
------------------------------------

The same 2 reviewers assessed the quality of each study independently using the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool, which consists of 4 key domains: patient selection, index test, reference standard, and flow and timing, supported by signaling questions to aid judgment on risk of bias, rating risk of bias, and concerns about applicability. According to the QUADAS-2 tool, the quality of each study was rated as "high", "unclear", or "low" \[[@b29-medscimonit-22-3409]\].

Subgroups
---------

Two subgroups were evaluated in our meta-analysis using the Epi proColon test and non-Epi proColon test. According to the literature \[[@b30-medscimonit-22-3409]\], the Epi proColon test was defined as the test method that uses the Epi proColon kit, while the non-Epi proColon test was defined as the test method that uses kits other than the Epi proColon kit.

Data analysis
-------------

The pooled diagnostic parameters, including sensitivity, specificity, PLR, NLR, and DOR, and corresponding 95% confidence interval (CI) were calculated using the DerSimonian-Laird method and are presented as forest plots. SROC curve was plotted to analyze test accuracy \[[@b31-medscimonit-22-3409]--[@b34-medscimonit-22-3409]\] and to calculate the area under curve (AUC). The pooled AUC was used for grading the overall accuracy as a potential summary of the SROC curve \[[@b35-medscimonit-22-3409]\]. We examined the threshold effect by observing the ROC curve pattern. Spearman correlation coefficient was also calculated to determine the threshold effect \[[@b36-medscimonit-22-3409]\]. Heterogeneity induced by non-threshold effect was assessed by means of the Cochran Q method and the test of inconsistency (I^2^). Heterogeneity was defined as p\<0.10 or I^2^ \>50% \[[@b37-medscimonit-22-3409]\]. Meta-regression analysis can be used to explore the sources of heterogeneity. We used 5 variables (location, sample size, number of controls, number of CRCs, and test method) in this meta-analysis. The meta-analysis was performed using Meta DiSc statistical software v1.4 (*<http://www.hrc.es/investigacion/metadisc_en.htm>*), and statistical significance was defined as P\<0.05.

Results
=======

Characteristics of the eligible studies
---------------------------------------

Our search yielded 170 citations, including 66 duplicate records. After removing the duplicates, 23 out of 104 articles were considered as potentially eligible for full-text assessment based on their titles and abstracts. According to the inclusion and exclusion criteria, 9 articles \[[@b28-medscimonit-22-3409],[@b38-medscimonit-22-3409]--[@b45-medscimonit-22-3409]\] were excluded, and the remaining 14 articles \[[@b14-medscimonit-22-3409]--[@b27-medscimonit-22-3409]\] were included in our meta-analysis (1 cohort study \[[@b24-medscimonit-22-3409]\] and 13 case-control studies \[[@b3-medscimonit-22-3409],[@b25-medscimonit-22-3409],[@b26-medscimonit-22-3409]\]) ([Figure 1](#f1-medscimonit-22-3409){ref-type="fig"}). There were 9870 cases in total and the numbers of CRC patients, non-CRC patients (adenoma, polyp, and benign diseases), and healthy subjects were 1205, 3735, and 4930, respectively. All patients with CRC were diagnosed based on pathological confirmation ([Tables 1](#t1-medscimonit-22-3409){ref-type="table"}, [2](#t2-medscimonit-22-3409){ref-type="table"}).

Quality assessment of the included studies
------------------------------------------

To perform quality assessment of these 14 eligible studies, a graph of risk of bias and applicability concerns was made for the included studies. The major bias of the studies was focused on "patient selection" and "index test". Specifically, in the domain of patient selection, 13 studies \[[@b14-medscimonit-22-3409]--[@b23-medscimonit-22-3409],[@b25-medscimonit-22-3409]--[@b27-medscimonit-22-3409]\] did not avoid case-control design and 3 studies \[[@b14-medscimonit-22-3409],[@b25-medscimonit-22-3409],[@b27-medscimonit-22-3409]\] did not state whether consecutive or random samples of patients were enrolled. In the domain of index test, 6 studies \[[@b14-medscimonit-22-3409],[@b16-medscimonit-22-3409],[@b17-medscimonit-22-3409],[@b25-medscimonit-22-3409]--[@b27-medscimonit-22-3409]\] did not use blind method and 3 studies \[[@b21-medscimonit-22-3409],[@b22-medscimonit-22-3409],[@b24-medscimonit-22-3409]\] were unclear. The threshold was not pre-specified in 3 studies \[[@b14-medscimonit-22-3409],[@b17-medscimonit-22-3409],[@b24-medscimonit-22-3409]\] and was unknown in 5 studies \[[@b16-medscimonit-22-3409],[@b21-medscimonit-22-3409],[@b22-medscimonit-22-3409],[@b25-medscimonit-22-3409],[@b26-medscimonit-22-3409]\]. The follow-up and timing domain in 2 studies \[[@b19-medscimonit-22-3409], [@b25-medscimonit-22-3409]\] were labeled as high because some participants were excluded from the analysis ([Figure 2](#f2-medscimonit-22-3409){ref-type="fig"}).

Exploring the heterogeneity
---------------------------

Spearman correlation coefficient was 0.033 and P value was 0.911, indicating that there was no heterogeneity from threshold effects. Heterogeneity induced by factors other than threshold effects was observed in the meta-analysis. To find the source of the heterogeneity, meta-regression analysis was performed. Due to the small number of studies, there was no statistically significant difference.

Diagnostic accuracy of mSEPT9
-----------------------------

[Table 2](#t2-medscimonit-22-3409){ref-type="table"} presents the recalculated sensitivity and specificity of each included study with mSEPT9 or FOBT for CRC. The pooled sensitivity ([Figure 3A](#f3-medscimonit-22-3409){ref-type="fig"}) and specificity ([Figure 3B](#f3-medscimonit-22-3409){ref-type="fig"}) of mSEPT9 for the diagnosis of CRC were 0.66 (95% CI: 0.64--0.69) and 0.91 (95% CI: 0.90--0.91), respectively. The PLR, NLR, and DOR with their corresponding 95% CIs for mSEPT9 levels in the 14 studies were 5.59 (95% CI: 4.03--7.74), 0.37 (95% CI: 0.29--0.48), and 16.79 (95% CI: 10.54--26.76), respectively ([Figure 4A--4C](#f4-medscimonit-22-3409){ref-type="fig"}), and the AUC was 0.8563. The summary values of diagnosis accuracy of mSEPT9 for CRC are shown in the SROC graph ([Figure 5](#f5-medscimonit-22-3409){ref-type="fig"}). The pooled sensitivity ([Figure 6A](#f6-medscimonit-22-3409){ref-type="fig"}) and specificity ([Figure 6B](#f6-medscimonit-22-3409){ref-type="fig"}) of 7 studies (Epi proColon test) in subgroup analysis were 0.63 (95% CI: 0.58--0.67) and 0.91 (95% CI: 0.90--0.92), respectively. In addition, the summary DOR was 15.99 (8.13--31.42) and the AUC was 0.8709. The pooled sensitivity ([Figure 7A](#f7-medscimonit-22-3409){ref-type="fig"}) and specificity ([Figure 7B](#f7-medscimonit-22-3409){ref-type="fig"}) of 7 studies (non-Epi proColon test) in subgroup analysis were 0.68 (95% CI: 0.65--0.72) and 0.88 (95% CI: 0.86--0.90), respectively. The summary DOR was 17.92 (95% CI: 8.89--36.5), and the AUC was 0.7968.

Comparison of mSEPT9 and FOBT for the diagnosis of CRC
------------------------------------------------------

Three studies were included in the comparative analysis of mSEPT9 and FOBT \[[@b16-medscimonit-22-3409],[@b18-medscimonit-22-3409],[@b21-medscimonit-22-3409]\]. A direct comparison of these 2 markers of interest was performed by applying both tests to the same participants in these studies. Three pairings of diagnostic accuracy estimates at the study level showed that the AUC for mSEPT9 (0.7857) was higher than that for FOBT (0.6571) in these 3 studies. mSEPT9 \[(26.82 (9.33--77.14)\] also had a significantly higher DOR value than FOBT \[14.65 (2.30--93.44)\] in these 3 studies ([Table 3](#t3-medscimonit-22-3409){ref-type="table"}).

Discussion
==========

It is clear that CRC patients benefit from early diagnosis of CRC. Biomarkers for CRC have been widely studied, but few have satisfactory performance for clinical use \[[@b46-medscimonit-22-3409],[@b47-medscimonit-22-3409]\]. At present, genetic testing has attracted much attention, and usually has higher sensitivity and specificity than the older methods. Circulating methylated Septin9 has attracted more attention as an easily administered blood-based test for the early detection of CRC and has led to dozens of studies \[[@b14-medscimonit-22-3409]\]. Therefore, the aim of the present meta-analysis was to integrate these published results for the first time and systematically evaluate the diagnostic performance of mSEPT9.

Currently, it is generally agreed that the main non-invasive diagnostic biomarker for CRC screening is FOBT, which includes guaiac FOBT (gFOBT) and immunological FOBT (iFOBT) \[[@b47-medscimonit-22-3409],[@b48-medscimonit-22-3409]\]. Neither gFOBT nor iFOBT is specific for CRC because any bleeding into the colon can cause a positive test result \[[@b49-medscimonit-22-3409]\]. However, mSEPT9 is released from tumor cells into the bloodstream \[[@b14-medscimonit-22-3409]\] and has better specificity than FOBT. The pooled sensitivity and specificity of gFOBT were 0.60 (95% CI 0.50--0.70) and 0.91 (95% CI 0.90--0.93), respectively \[[@b50-medscimonit-22-3409]\]. In the present study, the pooled sensitivity of mSEPT9 was 0.66, which is higher than that of gFOBT, and the pooled specificity of mSEPT9 was 0.91, which is equal to that of gFOBT. When test results for mSEPT9 and FOBT were combined, CRC detection was 88.7% at a specificity of 78.8% \[[@b21-medscimonit-22-3409]\]. At lower specificity, the sensitivity of individual tests will also increase. Therefore, we think that the combination of mSEPT9 with FOBT might improve diagnostic accuracy, but further studies are still needed. DOR is a single indicator of test accuracy \[[@b32-medscimonit-22-3409]\] that combines the data from sensitivity and specificity into a single number. The value of DOR ranges from 0 to infinity, with higher values indicating better discriminatory test performance. The AUC is regarded as the overall test performance, and optimal value is infinitely close to 1 \[[@b51-medscimonit-22-3409]\]. In our study, the DOR value of 16.79 (95% CI: 10.54--26.76) and AUC of 0.8563 prompt an exact diagnostic accuracy for diagnosing CRC. The pooled PLR was 5.59, suggesting that patients with cancer have about 5-fold higher chance of being mSEPT9-positive compared with patients without cancer. The pooled NLR was 0.37, suggesting that the probability for the patient to have cancer is 37% if mSEPT9 is negative. The American Gastroenterological Association states that the goal of CRC screening is to reduce mortality through reducing the incidence of advanced conditions \[[@b52-medscimonit-22-3409]\]. Therefore, the ability of a screening tool to detect precursor lesions such as advanced adenomas should also be considered in the evaluation. Some studies have reported the diagnostic accuracy of mSEPT9 for adenomas \[[@b18-medscimonit-22-3409],[@b19-medscimonit-22-3409],[@b24-medscimonit-22-3409],[@b27-medscimonit-22-3409]\]; the sensitivity for adenomas varies among studies, mostly from 11.2% to 30.8%. Currently, there might be more value for mSEPT9 to be combined with FOBT with or without other biomarkers such as ALX4 \[[@b22-medscimonit-22-3409]\], TAC1 \[[@b24-medscimonit-22-3409]\], NEUROG1, vimentin \[[@b25-medscimonit-22-3409]\], or EYA4 \[[@b40-medscimonit-22-3409]\] for CRC screening. In addition, the value of mSEPT9 for the prediction and prognosis of CRC has been confirmed in a number of settings \[[@b53-medscimonit-22-3409]\]. In our head-to-head comparison of mSEPT9 and FOBT for the diagnosis of CRC, the AUC showed that mSEPT9 (0.7857) has higher diagnostic efficiency compared to FOBT (0.6571). As shown above, mSEPT9 has the power to discriminate CRC patients from controls.

In the present study we performed comparison between the Epi proColon test and non-Epi proColon test for detecting mSEPT9 in the 2 subgroups. The AUC of the Epi proColon test (0.8709) is significantly higher than that of the non-Epi proColon test (0.7968), suggesting that the Epi proColon test is better for the diagnosis of CRC by mSEPT9. It has been suggested that earlier versions of the Epi proColon test (Epi proColon 2.0) may have improved the performance of SEPT9 in CRC diagnosis \[[@b18-medscimonit-22-3409]\]. Since the number of studies that have used Epi proColon 2.0 test was too small, we did not perform subgroup analysis.

There are some potential limitations in this study. Firstly, it was impossible for us to determine the sources of heterogeneity due to the small number of studies, and the presence of clinical heterogeneity in the study may have affected the generalizability of the results. Secondly, this meta-analysis mostly included case-control studies, which may be prone to spectrum bias because controls are selected on the basis of not having the target condition \[[@b54-medscimonit-22-3409]\]. In addition, there are only 3 well-designed head-to-head comparisons in the studies. The results of our head-to-head comparisons and the results of the comparison of our study of mSEPT9 are in line with the study of FOBTs by Rosman et al. \[[@b52-medscimonit-22-3409]\].

Conclusions
===========

mSEPT9 has better diagnostic biomarker complementary to FOBT as a screening tool for CRC, because mSEPT9 has superior sensitivity compared to FOBT. However, further high-quality studies are needed to confirm our results. The combination of mSEPT9 with FOBT or other biomarkers may provide a new tool for use in clinical practice.
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###### 

Main characteristics of the fourteen studies in the diagnostic meta-analysis.

  Studies              Locations   Test methods        Cut-off      CRC   NCRC   Healthy
  -------------------- ----------- ------------------- ------------ ----- ------ ---------
  Tóth K. 2014         Germany     Epi proColon test   0.01% PMR    34    26     24
  Lee H.S. 2013        Korea       RT-PCR              Unk          101   --     96
  Warren J.D. 2011     USA         Epi proColon test   6.25 pg/ml   50    94     --
  Jin P. 2015          China       RT-PCR              2/3 rule     135   250    91
  Church T.R. 2014     USA         Epi proColon test   1/3 rule     53    3025   3796
  Grützmann R. 2008    USA         Epi proColon test   2/3rule      126   --     183
  Johnson D.A. 2014    Germany     qRT-PCR             Unk          101   106    94
  Tänzer M. 2010       USA         Epi proColon test   2/3 rule     33    137    34
  Tóth K. 2012         Germany     qRT-PCR             2/3 rule     92    --     92
  deVos T. 2009        Germany     Epi proColon test   2/3 rule     90    --     155
  Tham C. 2014         Germany     RT-PCR              Unk          30    97     --
  Herbst A. 2011       Germany     Epi proColon test   Unk          45    --     16
  He Q. 2010           Germany     RT-PCR              Unk          182   --     170
  Lofton-Day C. 2008   Singapore   RT-PCR              Unk          133   --     179

qRT-PCR -- quantitative reverse transcription polymerase chain reaction; RT-PCR -- reverse transcription polymerase chain reaction; 1/3 rule or 2/3 rule -- the SEPT9 result was considered to be positive if at least one or two of the three replicates were positive; PMR -- percent of methylated reference; CRC -- colorectal cancer; NCRC -- non-colorectal cancer, including adenoma, polyp, and benign diseases.

###### 

Sensitivity and specificity of mSEPT9 and FOBT.

  Studies              Index test   Sensitivity   Specificity   TP    FP    FN   TN
  -------------------- ------------ ------------- ------------- ----- ----- ---- ------
  Tóth K. 2014         mSEPT9       88.2%         80%           30    10    4    40
  Lee H.S. 2013        mSEPT9       36.6%         90.6%         37    9     64   87
  Warren J.D. 2011     mSEPT9       90%           88%           45    11    5    83
  Jin P. 2015          mSEPT9       74.8%         87.4%         101   43    34   298
                       FOBT         58%           82.4%         40    19    29   89
  Church T.R. 2014     mSEPT9       48.2%         91.5%         26    580   27   6241
  Grützmann R. 2008    mSEPT9       58%           90%           73    18    53   165
  Johnson D.A. 2014    mSEPT9       73.3%         81.5%         74    37    27   163
                       FOBT         73.3%         97.4%         74    6     27   194
  Tänzer M. 2010       mSEPT9       73%           69%           24    53    9    118
  Tóth K. 2012         mSEPT9       79.3%         98.9%         73    1     19   91
                       FOBT         68.2%         70.6%         15    5     7    12
  deVos T. 2009        mSEPT9       57%           98%           55    4     42   168
  Tham C. 2014         mSEPT9       56.7%         80%           17    19    13   78
  Herbst A. 2011       mSEPT9       46.6%         81.3%         21    3     24   13
  He Q. 2010           mSEPT9       75%           96.47%        136   6     46   164
  Lofton-Day C. 2008   mSEPT9       69%           86%           92    25    41   154

FOBT -- fecal occult blood test; mSEPT9 -- methylated Septin9; TP -- true positive; FP -- false positive; FN -- false negative; TN -- true negative.

###### 

Summary of diagnostic accuracy of mSEPT9 and FOBT in three studies.

           Sensitivity (95% CI)   Specificity (95% CI)   PLR (95% CI)    NLR (95% CI)   DOR (95% CI)    AUC
  -------- ---------------------- ---------------------- --------------- -------------- --------------- --------
  mSEPT9   0.76                   0.87                   6.54            0.28           26.82           0.7857
           (0.71--0.80)           (0.84--0.90)           (3.13--13.67)   (0.22--0.35)   (9.33--77.14)   
  FOBT     0.67                   0.91                   5.63            0.39           14.65           0.6571
           (0.60--0.74)           (0.87--0.94)           (1.40--22.70)   (0.25--0.63)   (2.30--93.44)   

mSEPT9 -- methylated Septin9; FOBT -- fecal occult blood test; PLR -- positive likelihood ratio; NLR -- negative likelihood ratio; DOR -- diagnostic odds ratio; AUC -- area under the SROC curve; CI -- confidence interval.
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